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STUDIES ON TYLENCHORHYNCHUS BRASSICAE SIDDIQI ASSOCIATED 
WITH THE ROOTS OF CABBAGE AMD CAULIFLOWER 
By 
t \...J Ziauddin Ahmed Siddiqui 
ABSTRACT 
1. In host range tests, out of 22 vegetables only 
cabbage, cauliflower and tomato were highly favourable; 
sesbania, radish, sugarbeet and lettuce, moderately favour* 
able and the remaining were unfavourable hosts for repro-
duction of Tvlenchorhmohus brassicae. 
2. Out of 18 ornamentals tested, only Memesia strumosa. 
C^Ha^-Qjhn^ lortensis and Verbena hybrlda were somewhat 
favourable while the remaining hosts were unfavourable as 
around their roots not even the initial population could 
be maintained. 
3. Out of 9 varieties of eabbage and 9 varieties of 
cauliflower and a few other crucifers tested, none of them 
proved to be resistant though the response of different 
varieties varied* 
lf« In pathogenecity tests, higher initial populations 
(1000 or 10000) caused significant damage to cabbage var» 
Golden acre and cauliflower var. Snow ball whereas low 
initial populations (10 or 100) caused little damage* 
5* The adults as well as larvae of £• brassicae were 
invariably eonfined to cortieal region of the hosts roots 
and at times were also observed in stelar region* 
«* W ** 
6* The optimum soil temperature (30°C) and soil 
moisture (25-30 per cent) for reproduction of J,* brassieae 
was the same on both cabbage and cauliflower* 
7* The survival of T, brassieae at 15°C and at 25 per 
cent moisture level was highest in the absence of host* 
8* £. brassieae persisted longer (2**0 days) in auto-
elaved soil when the initial population density was high, 
while at lower initial density they persisted for shorter 
duration* 
9* During the period under study, the population of 
T. brassieae remained exceptionally high as long as the 
field was under cabbage and cauliflower cultivation* There 
was sudden decline of population of T* brassieae when non-
host crop i.e., wheat was sown or the field was kept fallow* 
10* In general, J£. brassieae was distributed throughout 
the root zone of cabbage and cauliflower with highest popula-
tion between 0 - 3 0 cm, 
11. The application of DD and Vapam had been highly 
successful as not only the population was reduced but also 
plants grown in beds treated with these nematieides exhibited 
better growth* Hemaphos and Thimet 1CG were less effective, 
while Solvirex ana. Bogor G were not at all effective. 
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12. When cabbage and cauliflower seedlings raised in 
DD or Vapam treated beds and then grown in naturally infested 
field, the growth of such plants was significantly more than 
the control* 
13* In DD and Vapam, the nematode mortality was signi-
ficant at all dilutions tested, whereas Nemaphos and Thimet 
1GG were highly toxic, Solvirex was relatively less toxic 
and Rogor G was not at all toxic even at the highest concen-
tration, 
1H> The application of neem, mahua, groundnut, castor 
and mustard oilcakes considerably reduced the population 
o f
 £• brasslcae> Moreover, the growth of plants raised 
in soil treated with oilcakes was more than the control* 
15* Transferring 1* brassieae suspension in S/1, and 
S/2 concentration of water soluble fraction of oilcakes 
and deoiled cakes, brought about 100 per cent mortality of 
the nematode* 
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INTRODUCTION 
Although some genera of p lan t p a r a s i t i c nematodes 
vi K . r HeteroderaT MjloidfigyBg, I^teMkm and APfoelfinchojdeg 
have been* known to cause crop f a i l u r e s since long (Schmidt, 
1871; Goeldi, 1892; Kuhn, 1857 and Rlt2ema Bos, 1891) and 
outstanding work has been carried out by individual sc ien t i s t s 
belonging ei ther to the f ield of Botany or Zoology, yet the 
progress in phytonematology has been slow* This has been 
part ly due to the fact that majority of nematodes are minute, 
d i f f i cu l t to identify and to extract . Moreover, the symptoms 
which most of them cause are confined to the subterranean 
portion of plants and therefore, are not as conspicuous as 
those produced by other disease causing agents* 
Despite the classical work of Barber (1901) on root-
knot on tea and Bulter (1913) on ufra disease of r i ce , the 
progress of phytonematology in India was also far from s a t i s -
factory* One of the most Important events that triggered 
the progress in the field of nematology in India was the 
v i s i t of Mr, F.6.W. Jones who in 1961 during the course of 
h is stay here reported the occurrence of potato root eelworm 
Heterpifora, rostacMensto. from Ni lgr i s . As 1£. rostochiensis 
caused complete failure of potato crop in Europe (Zlmmermann, 
191^) so the report about i t s occurrence in India caused a 
— 2 «• 
great stir and it eventually attracted the attention of the 
scientists and the Government. Since then, the science ©f 
plant nematology has expanded at a rapid rate (Siddlqi, 1962; 
Khan and Basir, 1963; Prasad ej; al,, 196^; Khan and Husain, 
1965; Seshadri, 1966; Singh and Sitaramaiah, 1967 and Sethi 
and Swarup, 1968), 
Plant parasitic nematodes have been classified into 
several categories on the basis of their mode of parasitism. 
The species belonging to the genus aVlenchorhynchus have been 
put in the so-called/S^*«»&*parasitie category and several 
species belonging to this genus namely £• elavtonif 2. dublus 
T. martini etc*, cause heavy losses to a variety of crops 
(Steiner, 1937; Boyle, 1950; Nelson, 1956; Krusberg, 1959; 
Reynolds and Evans, 1953 and Brichfield and'Martin, 1956)V 
In all, seventeen new species of Tvlenchorhynchus 
have been described from India via,, 2* coffeae from around 
the roots of £2££s& ££&&£&; 2» mashhoodi from Saecharum 
ffCfActoarum; 2- d^cjxlurj^ from Capsicum annuum; 2* l&gi£a£us 
^om Hiaisaa commpUg; 2. flAnuata? from Skteaa a l w a i ? ; 
!• b£ssUtemte& C = 2. ia&issaJ from cjj&as &La§nsis;_ 2* 
slsgaaa from s&ccfraruff <?3Cftg^ arwn; !• iEassisas from Br4ssic 
QlaSaSftae var. £2$ry_&s.; 2 . rueosus from SaiJL ftafrylonJLca; 
2* BUfiKUns^s from Bjassiaa oleracea var. capitata; 2* .cftpna. 
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from Svzvgium cuminis; 1 . pfraseolU from pliaggslaa acoflLUMfrK 
!• £&a& from Ms, flfiia; £• berberidis from Berber^ artgtata? 
1* delhierisis f rom Annona squamosa; 2. £afij& from Cactus sp« 
and 1* ftea&ncjsus f rom £i i rus sp. 
Besides these, 1. canitatus from around the roots of 
l i l y , 1M. ftrevjfleas from ffoAanujn tuberosum; £ . la tus from 
ffiUPttafla tabacum; £ . ntyfe from Sasgftayum of^jfiimruji; 1* 
djbjjis from sssa siasasis; 2. &cji£us. from ouaaiia £&i§n£; 
I. Bartjnj from £&aag2l3JS Wm&Q and j?. ewinei from Triticum 
Y\ft«are ; 1. aeJA from Tr^gum. a33Uvun and '"£. fiurvqs from 
Capsicum sp« have also been recorded. 
Since £• brassicae has invariably been found to be 
associated with poor patches in cabbage and cauliflower in 
Koil tehsil of Aligarh district and nothing is known about 
it!s etiology, therefore, present investigations were under-
taken with a view to study the following:-
1. To survey cabbage and cauliflower fields in different 
districts of Uttar Pradesh for determining the occurrence of 
1* brassicae,. 
2. To study the host range and host parasite relation-
ship of i. brassicae on cabbage and cauliflower. 
3* To determine the effeet of soil temperature on 
multiplication of 2, brassicae on- cabbage and cauliflower. 
if. To determine the effect of soil moisture on multi-
plication of £• brassicae on cabbage and cauliflower, 
5* To determine the population changes of £• brassicae 
in two different fields for tae period March, 1966 to 
February, 1960, 
6, To study the growth of cabbage and cauliflower 
and nematode population when grown in soil inoculated with 
moderate population of J£, brassicae and later treated with 
DD, Vapam, Hemaphos^ Thimet 10G and Rogor G, 
7. To grow the seedlings of cabbage and cauliflower 
in W$ Vapam,Nemaphos, Thimet 10G, Solvirex and Rogor 6 
treated beds and later transferring them to infested field 
in order to explore the possibility for its controlling the 
nematode* 
8* To determine the toxicity of different dilutions 
of DD, Vapam, Hemaphos, Thimet 10G, Solvirex and Bog or G 
on £• brassicae, 
9* to study the growth of cabbage and cauliflower 
and population of %. brassicae in pot soil and beds treated 
with neem, castor, groundnut, mahua and mustard cakes. 
- 5 -
10* To estimate the toxicity of water soluble fractions 
of oilcakes and deoiled cakes on X* brassicae. 
V) . 
MATERIALS AND METHODS 
A survey was conducted for plant parasitic nematodes 
associated with cabbage and cauliflower during August 196M-
to September 1968. A mixture of roots and soil weighing 
about £ to 1 kg was collected in alkathene bags from around 
the roots of cabbage and cauliflower from different districts 
of Uttar Pradesh. A tag containing relevant information 
was introduced in each bag and later they were tied with a 
rubber band. Every effort was made to isolate nematodes 
from each soil sample on the day of collection. Those soil 
samples which could not be processed were stored in a 
refrigerator running at 5-10°C, till the isolation was made. 
The soil was processed by a modification of Cobb»s 
sifting and gravity method. The soil sample was put in a 
large bucket containing water and stirred until all clods 
were broken. The heavy soil particles sank to the bottom 
and the nematodes remained suspended in water. The water 
was then poured through the course sieve (60 mesh), leaving 
the heavy particles in the bucket. The whole aliquot was 
then passed through 200 and 300 mesh sieves. The catch of 
all the sieves were mixed up and the quantity of water was 
reduced by decantation allowing sufficient time for the 
nematodes to settle down. The suspension containing the 
nematodes were poured over a Green*s filter paper no* 50 
appended on a coarse sieve and submerged in water in a 
1 
large trough. Occasionally Cotton-wool filter in place 
of Green's filter paper was also used (Oostenbrink, 1960), 
Care was taken not to allow the debris, to float-off the 
edges of the filter. After 2h hours most of the nematodes 
wriggled out at the bottom of the trough in clear water. 
These were later concentrated by decantation. 
The roots were removed from the soil with utmost 
care and washed slowly in running water to get rid of the 
adhering soil particles. They were then chopped into 
small pieces, the largestpiece not exceeding 1 cm in length. 
These pieces were transferred to a large size petriplate 
filled with water. After 2h hours the aliquot was passed 
through 60, 2^0 and 300 meshes. The sieve on the top ^ 
removed the root debris, while the nematodes were collected 
in the clear water. At times *+-5 g root pieces with 
small amount of water were placed in Waring blendor and 
the blendor was allowed to run for 30-50 seconds. Whenever 
it was considered necessary to make permanent slides the 
nematodes were killed by slow heating and fixed in FA M-:10. 
Permanent mounts of nematodes were prepared by Siddiqi's 
(196*0 technique after passing through lactophenol. Baker's 
(1953) modified technique was also used. 
Root samples were carefully washed in running 
water and immediately immersed in boiling 0.1 per cent 
8 
cotton blue lactophenol for about three minutes and were 
allowed to cool. The roots were then washed in running 
water to remove excess of stain. Infested portions of 
the roots were studied after preparing a temporary mount 
in lactophenol solution, 
!• brassieae collected from the type locality was 
raised by inoculating cabbage and cauliflower seedlings 
grown in 12-inches clay pots filled with autoclaved soil-
sand mixture. Great care was taken to avoid external 
contamination of other parasitic forms. On comparison 
with the type specimens of JE. brassieae. some minor 
differences in morphological structures of diagnostic 
value at specific level were observed, such as position 
of excretory pore, shape and size of the spear, number 
of tail annules and size of spicules. Instead of raising 
a new species, it was considered to take all these 
characters under variations, (fig* 1). 
The seedling of the test plants were raised in 
wooden trays containing autoclaved soil-sand-organic manure 
mixture in the ratio of 3:1 ;1. After 3 weeks they were 
transplanted in 6 Inches test pots. For certain $&mM crops 
where transplantation was not possible, the seeds were 
sown directly in the test pots. 
The nematodes extracted from the pots containing 
culture of T. brassieae served as inoculum. For experiments 
Figure 1. 
Tylenehorhvnchus brassicae 
A. Oesophageal region of male. 
B. Female, entire. 
C. Oesophageal region of female 
D. Tail end of male. 
E-F, Variations in female tail. 

dealing with host tolerance, the seedlings were inoculated 
each with 10, 100, 1000 and 10000 specimens of T. brassicae
 t 
while in host range tests, each plant was inoculated with 
1000 nematodes. For counting the nematodes 1 ml of nematode 
suspension was pipetted in Peter's counting slide and the 
number of nematodes counted. Calculations were made for 
total suspension. The size and weight of controlled and 
inoculated plants as well as the final population of 
nematodes was determined 90 days after inoculation of the 
plants. 
Cabbage and cauliflower of the same age and the 
same leaf number were grown in autoclaved soil-sand-organie 
manure mixture having 33 per cent moisture holding capacity 
contained in six inches glazed crocks. Constant soil 
moisture was maintained by adding requisite amount of water 
for the values above 33 per cent or the pots were allowed 
to dry for values below 33 per cent. The pots were weighed 
from time to time for the maintenance of constant soil 
moisture levels. The surface of the pots were covered 
with plastic sheets to check evaporation. 
Effect of soil temperature on the population of 
T. brassicae was studied after transferring the seedlings 
of cabbage and cauliflower in six inches pots placed in 
temperature tanks, each running at 15» 20, 25» 30, 35 a*1** 
lfO°C respectively with air temperature of glass-house at 
2$°C. 
The effect of different temperatures and moisture 
levels on the longevity of T. brassicae was studied by 
inoculating 1000 nematodes in soil-sand mixture contained 
in six inches pots without the host plant. Constant 
we re temperature and moisture xraac maintained as mentioned above. 
The decline in population in the absence of host 
plant under glass house condition was also studied by 
inoculating 10, 100, 1000 and 10000 nematodes each in 
soil-sand mixture contained in 6 Inches pots. The nematode 
population was estimated for 8 month.s at monthly interval. 
To determine the seasonal fluctuations in the 
population of T. brassicae soil samples were collected 
from two different fields of cabbage and cauliflower. 
Three soil samples each weighing approximately •§• kg were 
collected upto the depth of 10-30 cm from each of the six 
beds selected for study. Soil temperature and soil 
moisture was recorded at the time of collecting the sample. 
The three samples thus collected from each bed were 
thoroughly mixed. A sample of 2|?0 g soil out of this 
mixture.;was processed for the rteolation of nematodes and 
the number of T. brassicae was counted as given on page \o 
To observe the, seasonal fluctuations in the 
population of 2. brassieae at different depths from 
field "Att three shafts were dug to the depth of 60 cm 
from one wall of each, soil samples were collected with 
the help of metallic cylinders of 10 cm in diameter. In 
all four samples were taken from each shaft starting from 
the bottom to prevent contamination by falling soil 
particles. The soil temperature as well as moisture was 
recorded at different depths. 
The field experiments were conducted in test plots 
each of 6h sq. ft. harbouring a high population of 
T. brassieae ( 1560/2$0 g soil). The amount of oilcakes 
of AaadAracMa ls£i£& Juss . , Madh c^a, ftndjca Gmei., SisiEBS 
communis,,,L. ia&skis. ftypgga9a U 'ffra,ss3,cae nigra L (Koch) 
and inorganic fe r t i l i ze r s applied to each plot was calculated 
on the basis of 80 lb of nitrogen per acre as recommended 
for cabbage and cauliflower (Yawaker e j a i 1962). ? lo ts 
treated with inorganic f e r t i l i z e r i . e . a mixture of 
ammonium sulphate, superphosphate and potassium sulphate 
served as control. 
For pot tes ts organic amendments and inorganic 
f e r t i l i z e r s a t rates indicated above were added to 
autoclaved soil-sand mixture contained in 8 inches pots . 
The field as well as pots were watered. After a waiting period 
1
 r-J 
fifteen days, 3-week old seedlings raised in autoclaged 
soil in each plot were transplanted with a spacing of 
2 ft* in a row and the rows were 2 ft. apart. One seed-
ling was transplanted per pot* Later, it was inoculated 
with 1000 specimens of £• brassicae* 
The oilcakes were deoiled by using petroleum 
ether (B.P* i*0°C), except in castor cake where chloroform 
was used as a solvent* The deoiling was done in Soxlet's 
apparatus by the solvent extraction process* Each oil-
cake was packed in a filter paper of a convenient size 
and was placed in the apparatus* The extraction was 
allowed to continue for about eight hours* The residue 
obtained after this treatment have been named as deoiled 
cakes* 
The extracts of oilcakes and deoiled cakes were 
prepared by adding 50 g of each of the oiled and deoiled 
manure in 200 g of distilled water which was throughly 
mixed in Waring blendor for two minutes and then filtered* 
Filterate thus obtained has been termed as Standard 
solution "S". Later different dilutions viz*, S/2, S/10, 
s/50, S/100 and S/1000 were prepared in distilled water* 
To 10 ml solution contained in 2 inches petridishes of 
each of the above dilution, 1000 specimens of 2* brassicae 
were transferred* They were then kept in an Incubator 
running at 20°C* The counting of living and dead 
nematodes was made after 12, 48 and 9& hours* Nematodes 
placed in distilled water served as control* 
14 
The effect of different organic additives on the 
population of £• brassicae in the absence of host was 
studied in 8 inches pots. To each pot 2 kg soil heavily-
infested with X, brassicae (8000 specimens/kg) and treated 
with organic amendments at rates indicated on page ix was 
transferred. Pots were watered at regular intervals, 
DD and Vapam were applied with a hand gun injector 
to properly prepared beds at the rate of ho gallons and 
25 gallons per acre respectively. After a waiting period 
of three weeks, following the application of the nematicide 
seeds of cabbage and cauliflower were sown. 
For glass-house tests, taking ail these precautions 
the pots containing soil-sand organic manure mixture were 
also treated with these nematicides at the same rate* 
To test the efficacy of granular pesticides the 
recommended dose of Nemaphos was dissolved in water, and 
the solution thus obtained was sprayed on soil surface, 
with Solvirex, Thimet 100 and Rogor 0 were mixed in soil. 
The field experiments were conducted in plots 
measuring 6U- sq, ft, with three replicates, while the pot 
experiments were based on ten replicates* After the 
application of the pesticides, the cabbage asti cauliflower 
seedlings were transplanted on the following day. 
2 sj 
The solution of DD and Vapam were prepared by 
adding 1 ml of each nematicides in 100 ml of d i s t i l l ed 
water, while the standard solutions of different pes t i -
cides were prepared by dissolving 1 g of the pesticide 
i n 100 ml of water. Later, different dilutions v i z . , 
0«002, 0*001t 0-0002, 0,0001 and 0*00001 were prepared 
by dilut ing the standard solution with d i s t i l l ed water* 
For estimating the percentage mortality of T.. brassicae. 
the procedure adopted was the same as given for oilcakes* 
For determining the long term effect of DD, 
Vapam, Nemaphos, Thimet 10G, Solvirex and Rogor G, the 
seed beds were treated with these pesticides as mentioned 
above* Later, 5-week old seedlings of cabbage and 
cauliflower were carefully uprooted from treated as well 
as untreated beds and were transplanted in the field* 
The nematode population of the field and weight of the 
plant was determined a t the time of transplanting and 
also a t the time of harvest of the crop* 
Two kg autoclaved so i l was f i l l ed in 8 inches 
pots and each was inoculated with 10,000 specimens of 
1* brasslcae. Immediately after inoculation, the pots 
were ei ther treated with DD or Vapam or the soi l was 
autoclaved. Pots inoculated with ,£. brassicae and 
not subjected to the above treatment served as 
control. There were five replicates for each 
treatment. Seeds were sown after the waiting period 
in each of the above categories of treatments. The 
population of nematodes and weight of the plant was 
determined as in field experiments. 
EXPERIMENTAL RESULTS 
During the course of intensive survey of nematodes 
around the roots of cabbage and cauliflower in 29 d i s t r i c t s 
of Uttar Pradesh, large number of species were encountered. 
All samples yielded several genera of plant paras i t ic 
nematodes and included in order to the i r prevalence, 
TyiLench-orhynchus brasstoae, £• gaj4.ta.tug, 1* brevfrdens, 
Hop^aimus iasiifijig, ffeUcotyie^sfrMg ia&ifiiasi £&£&£&&&& 
renj.fQ.rrts, Pratylefichus floffgae, TyAench^s, sp . , mftrjenfllffls 
sp., Meiojdoflyne ifiepF;t4ta> M* j^smLsa, totftiflpm toYk: 
caudft^s, T^chpflorus sUzai, Pftratyle^cfous projectus, 
Ecuhvadophora sp,T Ajhji§iiskQj4§£ sp. and Pemjc,rj.cpnemoJ.des 
CQgophUus* 
In majority of the localities, the frequency and 
abundance of T. brassieae was more than any of the remaining 
nematode species. The population of X* brassieae was high 
(above 2000) in cabbage fields at Mussoorie, Rampur, Aligarh 
(Gular Road, Ramghat Road, Iglas Road and Sasni), Kasganj, 
Kanpur, Varanasi and Ghazipur and moderate (1000-2000) at 
Dehradun, Ranikhet, Bijnore, Aligarh (Fort and Sasni), Etawah, 
Allahabad, Ghazipur and Ballia, while' it was low (0-1000) 
at Bijnore, Moradabad, Bareilly, Budaun, Hapur, Aligarh 
(Idgah), Agra, Shikohabad, Hamirpur, Faizabad, Gorakhpur, 
Mirzapur, Varanasi and Ballia* 
4 D 
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Similarly the population of T, brassicae around 
the roots of cauliflower was high at Dehradun, Sikandrabad, 
Aligarh (Gular Eoad, Eamghat Road, Iglas Road and Sasnl), 
Etawah, Kanpur, Basti, Ghazipur and Ballia and moderate 
at Mussocrie, Dehradun, Ranikhet, Aligarh (Idgah and Fort), 
Kasganj, Mathura, Basti, Allahabad, Varanasi and Ballia 
and low at Bijnore, Bareilly, Budaun, Khurja, Hapur, 
Aligarh (Idgah), Agra, Jalaun, Barabanki, Faizabad, Basti, 
Gorakhpur, Allahabad, Mirzapur and Varanasi (Fig. 2). 
Figure 2, 
Distribution of T. brassicae in different districts of 
Uttar Pradesh. 
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Literature pertaining to host range has been 
reviewed by a number of workers, the latest reviews are 
those of Christie (1959), Tarjan (1960), Baker (1962) and 
Goodey, Franklin and Hooper (1965)* Nematodes produce 
various types of symptoms depending upon the plant species 
and the nematode involved. Unlike fungi, bacteria, 
viruses and insects, the symptoms here are less specific 
and therefore difficult to diagnose. It is specially 
true with ectoparasitic forms. However, in recent years 
it has been possible to establish a distinct relationship 
between the preplant and postplant population and subse-
quent damage caused to individual plants (Gostenbrink 1966). 
Steiner (193?) reported that Tylenchorhvnchus 
clavtoni caused stunting of tobacco plants. Boyle (1950) 
and Sher (1958) observed that this species was associated 
with the stunted peanut and azalia plants respectively* 
also 
Nelson (1956) found that it xax reduced the root system 
of hybrid corn breeding lines in greenhouse tests* Beynolds 
and Evans (1953) reported that 2. dubius decreased the growth 
of cotton and tepary beans under both greenhouse and field 
conditions. 
Birchfield and Martin (1956) while conducting a 
series of experiments to determine the association of 
£• martini with diseased sugarcane plants found that 
in all cases the average green weight of the inoculated 
plants was less than that of control. Krusberg (1959) 
while testing large number of plants against T. clavtoni 
found that tobacco variety Bottom special was the most 
favourable host for nematode reproduction. Patel et .aJL (1962) 
observed that subnormal growth of tobacco crop at Jakhla 
(Gujarat) was associated with a.species of stunt nematode. 
Table I and Fig. 3 show the results of inoculating 
22 vegetables grown in pots containing autoclaved soil and 
sand mixture each with 1000 specimens of T. brassicae. 
The highest increase in population was found on cabbage var. 
Golden acre (10962), followed by cauliflower var. Snow ball 
(8875)» tomato var. Yellow plum (5680), Sesbania var. Local 
(33^), radish var. Sparkler (^M)), sugar-beet var. 
Crimson globe (1281) and lettuce var. Burpeana (11?8>. 
!• brassicae was hardly able to maintain its 
initial population on turnip var. Round white, (982), 
moong bean var. Local (965), eggplant var. Roy's Benaras 
(890), bittergourd var. Long green (872), cucumber var. 
Short green (8*4-5)» luffa var. Pusa Chikni (820), bottle 
gourd var. Panipati (68*0 and carrot var. Nantes (672). 
The remaining vegetables, namely onion var. 
Market winner, clusterbean var. Long poddad, spinach var. 
Savoy, okra var. Long green, chilli var. Suryamukhi, 
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Figure 3. 
Helative host efficacy of different vegetables after 
they had been inoculated with 1000 specimens of 
!• brassicae 
133001 
castor var. Local and garlic var. Faizabadi were found to 
be unfavourable for T. brasslcae as the number of nematodes 
isolated was MD6, 366, 355, 318, 2¥f, 225 and 192 respect-
ively. 
The average weight of the inoculated plants was 
less than the control but it was only in the case of 
cabbage, cauliflower and tomato that the differences 
between the average weight of inoculated and uninoculated 
plants was statistically significant. In the case of 
onion, garlic, castor, okra, clusterbean and carrot, the 
weight of the inoculated plants was slightly more than 
the control. 
Table 2 and Fig. V show that ornamentals as a 
group were mueh less efficient hosts as in no case there 
was hundred per cent increase in the population. However, 
the highest increase in population occurred only on 
Hemsia var. Rosy C ^ W , Galliste-phus var. Bouquet (1335) 
and Verbena var. White (1237). 
The population remained more or less the same as 
the initial on Calendula var. Chrysantha (981), Petunia 
var. Blue leader (972) and Brachycome var. Daisy (9^3)• 
On the other hand, there was a decrease in population on 
Chrysanthemum var. Yellow stone (823), Dahlia var. Single 
splendid (5^9)» Tronaeolum var. Gleam (^3), Dianthus vars. 
sy p 
TABLE 2. Response of different ornamentals against T. brassicae 
when inoculated with 1000 specimens and grown in auto-
claved soil-sand mixture. 
Name of plant Variety Final Weight of plant L.S.D. popula- in g at 5% 
tion. Gontl. Inocul. level 
(Weight) 
Nemesia strumosa, Benth. 
Callistephus Lortensis. 
Cass. 
Verbena hybrida.'Cham. 
Calendula o f f i c ina l i s L. 
Petunia nyctaginif loraT 
J u s s . 
Brachvcome i b e r i d i f o l i a . 
Benth. 
Chrysanthemum carinatum, 
Schousl. 
Dahlia pinnata Car. 
Tropaeolum ma.ius L. 
Dianthus caryophyllus L. 
Dianthus barbaters L. 
Antirrhinum ma.ius L. 
Phlox drummondie Mook. 
I h e r i s amara L. 
t age tes e rec ta L. 
Linar ia maroesana Mook. 
Cinerar ia cruenta Mass. 
Viola t r i c o l o r L. 
Eosy 
Bouquet 
White 
Chrysantha 
Blue l e a d e r 
Daisy 
Yellow s tone 
171+8 
1335 
1237 
981 
972 
9^3 
823 
S i n g l e sp lend-5^9 
id . 
Gleam 
Double mixed 
Lac ina tus 
Alaska 
Twinkle 
Carmine 
Spry 
F a i r y 
Crimson 
Ul l swa te r 
1+83 
^12 
3^ 5 
^J*f*i* 
328 
319 
286 
278 
2HO 
216 
27 
57 
21 
51 
^3 
k6 
66 
132 
93 
5^ 
3* 
1+6 
31 
18 
112 
32 
66 
2^ 
22 
52 
18 
55 
U8 
*9 
62 
127 
90 
61 
38 
i f 1 
26 
15 
119 
35 
68 
29 
9 .2 
12 .8 
9 . 3 
12 .8 
1U-.-2 
5.7 
2 1 . 3 
1*f«7 
36.6 
18 .5 
12 .8 
15.8 
1 1 A 
5.3 
16.5 
9 .2 
11 .8 
7 .8 
Each value i s an average of five r e p l i c a t e s . 
Figure if. 
Relative host efficiency of different ornamentals after 
they had been inoculated with 1000 specimens. 

Double mixed (M-12) and Lacinatus (3^5)» Antirrhinum var. 
Alaska ( 3 W , Phlox var. Twinkle (328), Iberia var. 
Carmine (319), Taaetes var. Spry (286), Linaria var. 
Fairy (278), Cineraria var. Crimson (2*4-0) and Viola var. 
Ullswater (216)* 
The differences between the average weight of the 
control and inoculated plants were not statistically 
significant in any of the plants tested. The weights 
of the plants were highly variable and there was no 
correlation between the inoculated and control plants. 
In some plants the average weight of control plants was 
slightly less than inoculated plants. 
Table 3 and Fig. 5 show that all the varieties 
of cabbage tested proved to be efficient hosts for the 
multiplication of T. brassicae, however, they differed 
in their host efficiency. The population increase was 
high (8000-13000) on var. Sutton1s Earliest (13168); 
moderate (5000-8000) on varieties, Large blood red (6787), 
Pride of India (6550), Early special (6125), Red drumhead 
(5316) and late drumhead (5280); and low on varieties 
Copenhagen market (*t632), Eclipse drumhead (**512) and. 
Savoy drumhead (2315). 
Similarly all the varieties of cauliflower tested 
also proved to be efficient hosts of T. brassicae. The 
population increase was high on varieties Patna (18766), 
TABLE 3. Response of different varieties of cabbage and cauliflower 
against T. brassicae when inoculated with 1000 specimens 
grown in autoclaved soil-sand mixture. 
Common name of plant Variety 
Final Weight of plant 
popula- in g 
t i o n . Contl . Inocul . 
L.S.D. 
at 5$ 
l e v e l 
(Weight) 
Cabbage 
Cauliflower 
Su t ton ' s E a r l i e s t 13168 195 
Large blood red 
Pride of India 
Early special 
Red drumhead 
Late drumhead 
Copenhagen market 
Eclipse drumhead 
Savoy drumhead 
Patna 
Maghi 
Local 
Prize queen 
Benaras 
Paris 
Globe beater 
Snowball elite 
Pusa 
Knol khol Purple Vienna 
Chinese cabbage Wong bok 
Broccoli Calaberese 
6787 
6550 
6125 
5316 
5280 
if632 
if 512 
2315 
18766 
11 if 50 
9781 
8815 
8672 
78*f6 
6882 
h6?2 
2787 
29320 
7750 
if980 
276 
232 
2*f2 
3.0h 
2k$ 
zee 
281 
196 
193 
158 
202 
205 
187 
191 
205 
162 
I8*f 
300 
192 
137 
236 
226 
180 
187 
251 
205 
235 
236 
1*f3 
133 
11*f 
125 
180 
1U5 
126 
180 
137 
1*f9 
258 
161 
37.6 
19A 
8.6 
39.7 
17.0 
15.5 
J+2.5 
11.7 
7 3 A 
1*f.7 
7.8 
16.9 
18.3 
15.6 
17.5 
23.0 
M A 
5.6 
11.1 
8.0 
Each value is an average of five replicates. 
Figure 5» 
Response of different varieties of cabbage and cauliflower 
in relation to changes in population of T. brassicae when 
they were inoculated with 1000 specimens. 
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Maghi (11^50), Local (9?8D, Prize queen (8815) and 
Benaras (8672), moderate on Paris (78^6) and Globe 
beater (6882) and low on snowball elite (*+672) and Pusa 
(2787). 
Knol khol var. Purple "Vienna, Chinese cabbage var. 
Wong Bok and broccoli var. Calaberese also differed in 
their host efficiency. High increase in population was 
found on knol khol var. Purple Vienna (29320); moderate 
on Chinese cabbage var. Wong Bok (7750) and low on broccoli 
var. Calaberese (M^O). 
Of all the varieties tested, the highest increase 
in population occurred on knol khol var. Purple Vienna 
(29320) and the lowest on cabbage var. Savoy drumhead 
(2315). 
It is interesting to note that there existed a 
correlation between increase in population and host 
damage. Wherever the population increased beyond 5000 
the damage to plants was statistically significant at 5% 
level.* On cabbage var. Bclipse drumhead and cauliflower 
var. Snowball elite, the population although remained 
below 5000 yet the differences in weight between inocula-
ted and uninoculated plants were also statistically 
significant. 
O i4 
Reynolds and Evans (1953'), while establishing the 
pathogenecity of T. dubius inoculated cotton plants with 
300 and 600 specimens and observed significant difference 
between growth of inoculated and uninoculated plants* 
Nelson (1956), while testing the hybrid corn breeding lines 
against T. claytoni found that in susceptible inbreds, the 
average reduction in root weight was 5*+» 35 and 0 per cent 
at the level of 500, 200 and 50 nematodes per plant res-
pectively. He concluded that high nematode population was 
essential to cause appreciable damage even to susceptible 
lines. He further stated that plant could withstand high 
populations when it became old and developed extensive root 
system. 
Jones (1959) studied the relationship between the 
initial and final populations of Heterodera sp. He observed 
that at low initial levels, the greatest rate of increase 
in population occurred but as the initial population , 
increased, the rate of increase became less and less and 
ultimately declined to zero. ]&HX8^8]»&xSsX£KXX!8*x:t*$ftk$ 
; ' Sienhorst (1966) stated that Pratvlenchus penetransT 
£• erenatusT Tvlenchorhvnchus dubius and Rotvlenchus 
uniformis were not influenced by population density and 
they did not feed long in one place, moved quickly to new 
feeding sites and multiplied continuously. 
Reslilts presented In Sable h and Fig. 6 show 
that when seedlings of cabbage var. Golden acre were 
Inoculated with 0, 10, 100, 1000 and 10000 specimens 
of !• brasslcae an increase in population occurred 
at all levels and the final population after 3 months 
of inoculation was Q, I5*f, 7**2> 6839 and 31590 res-
pectively* For the corresponding inoculum level 
the average green weight of plants was 30A, 29*6, 
26,8, 21A and 19*2 g. The differences in weight 
between uninoculated plants and those inoculated with 
1000 and 10000 were statistically significant at 5 
per cent level* No significant differences were 
observed when Inoculated with 10 and 100 specimens. 
The highest reduction in weight ( 11,2 g ) occurred 
when the plants were inoculated with 10000 nematodes, 
followed by 1000 ( 9 A g), 
Similar Increase in population as well as 
reduction in weight occurred when cauliflower seedlings 
were inoculated. The final population after 3 months 
of inoculation was 0, 171, 835, 8166 and 33898 for the 
aforesaid inoculum levels and the average green weight 
of plants was 30,8, 31*8, 26,2, 19,8 and 18.0 g 
respectively. 
o 
TABLE l*. Effect of different levels of inoculum density of 
T. brassicae on the growth of cabbage var. Golden acre 
I n i t i a l 
i n ©cuius 
d e n s i t y 
0 
10 
100 
1000 
10000 
and eau l i f lowe 
Cabbage 
Wt. of 
i p l a n t 
i n g 
3 0 A 
29 .6 
26 .8 
2 1 A 
19.2 
r v a r . Snowbal l . 
v a r . Golden ac re 
F i n a l 
popula-
t i o n 
0 
15^ 
7h2 
6839 
31590 
rx 
0 
15.if 
7.V 
6 .8 
3.2 
Cau l i f lower v a r . 
I n i t i a l Wt. of F i n a l 
inoculum p l a n t popu la -
d e n s i t y i n g t i o n 
0 
10 
100 
1000 
10000 
30.8 
31 .8 
26 .2 
19.8 
18.0 
0 
171 
835 
8166 
33898 
Si 
R 
lowball 
= PF 
P i 
* 
0 
17.1 
8 .3 
8.2 
3 A 
L.S.D. ^.3 L.S.D. 5.36 
Each value i s an average of five repl ica tes . 
Figure 6A. 
Regression line showing the relationship between the ±BHBH±HBI 
inoculum density and the weight of cabbage and cauli-
flower plant. 
Figure 6B. 
The effect of different levels of inoculum on the 
growth of cauliflower. * 
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Steiner (1937) reported that the adults and 
larval stages of £. clavtonl were distributed throughout 
the root parenchyma of tobacco* Reynolds and Evans 
(1953) observed only larval forms of J., dubius in the 
secondary roots of tobacco plants. However, Krusberg 
(1959) found that some specimens of £• claytoni did 
penetrate the loose peripheral cell layers of the root 
caps of tobacco. 
The histopathology of cabbage and cauliflower 
roots' shows that £. brassicae penetrated throughout 
the intercellular region of cortex. The nematodes 
were mostly situated 1-3 cell layer deep the cortex 
and were parallel to the longitudinal axis of the roots. 
Some of the nematodes after penetration of the cortex 
came to such a position that only the anterior portion 
of the body was curved towards the conducting tissue* 
Sometimes the nematodes penetrated the stelar region 
with the entire body embedded in the vascular system. 
In various roots, several eggs were found in the 
cortical region (Figs. 7A - 7®)* 
Figure 7. 
Roots of cabbage showing the presence of £. frrassicae in 
(a) Cortical region 
(b) Stelar region. 
- -
Figure 7G. 
Roots of cauliflower showing the presence of T. brassicae 
in cortical region ( oesophageal region enlarged ) 
Figure 7D. 
Roots of cauliflower showing the presence of eggs of 
£• brassicae in the cortical region. 

The summary given by Wallace O963) regarding the 
effect of temperature on plant parasitic nematodes reveals 
that they do not appreciably differ with other micro-organisms 
in their temperature response. The cardinal temperature 
range for majority of nematode species is; minimum 5-l5°C> 
optimum 15-30°C and maximum 30-1+0°C. The temperature 
below 5°C is either lethal or initiates qu&scence while 
that above ^G°G is often lethal. The optimum temperature 
for different activities of nematodes differ from species 
to species. 
The optimum temperature for the reproduction of 
%• clavtoni on different hosts varied, Krusbefg (1959) 
reported that on wheat it ranged between 21-27°C and on 
tobacco between 29-35 C. He also observed that in the 
absence of hosts, at a temperature range of 2-2*f C, the 
number of T. clavtoni decreased with the increase,in 
temperature. 
Both extreme moisture and drying out of the soil 
have been reported .unfavourable for most of the nematodes. 
Hollis and Johnston (1957) reported that the, high soil 
moisture content of soil reduced the population of ,T. martini 
and T. acutus on rice and soybeans respectively. The 
survival of T. martini in a rice field was highest at **0 
and 60 per cent and lowest at 11 per cent soil moisture 
(Johnston 1958), 
Results presented in Table 5 show that the 
reproduction of T. brassicae around the root of cabbage 
as expressed by increase in population took place at all 
the temperatures tested except at hO°C -where plants 
succumbed. The population of nematodes after 3 months 
of inoculation at 15, 20, 25$ 30, 35 and lfO°C was 1^65, 
2*f68, 3885,' 818O, 2580 and 0 respectively. Reproduction 
factor calculated for corresponding temperatures was 1A, 
2.1+, 3.8, 8.1,^2.5 and 0 times tat the initial population. 
Similar increase in nematode population occurred 
around the roots of cauliflower at different temperatures. 
Reproduction factor for corresponding temperatures in case 
of cauliflower was 2.1, 2.5, 3«5> 9»7> 2.6 and 0 times 
the initial population around the roots of cauliflower. 
It is, therefore, concluded from the foregoing that the 
optimum temperature for the reproduction of T. brassicae 
was 30°C for both cabbage and cauliflower. 
Results presented in Table 6 show that the re-
production of T. brassicae around the roots of cabbage 
and cauliflower was found at all the moisture levels 
tested except at *K) per cent. The population around the 
roots of cabbage at 10, 15, 25 , 30, 35 and kO per cent was 
13^, 2529, J+812, 11379, 10781, 1363 and k77 respectively. 
TABLE 5 . Effect of d i f f e ren t so i l temperatures on the multi-
".. p l i ^ i t i on of T. brass ieae on cabbage va r . Golden 
acre and caulif lower var . Snow bailor 
Cabbage Cauliflower 
Tempera-
ture 
°C 
15 
20 
25 
30 
Final 
t ion ; 
1W>5 
2^68 
3885 
8180 
popula-
per pot E n Pf ' 
Pi 
1.H6? 
2.1+68 
3.885 
8.180 
Final 
t ion ; 
2126 
2530 
3526 
97^0 
popula-
per pot R= Pf 
Pi 
2.126 
2.530 
3.526 
9.7kQ 
35 2580 
0 
2.580 2637 2.637 
0 
Each plant was; inoculated with 1000 specimens of T. brassieae. 
Each value is an average of five replicates. 
TABLE 6. Effect of d i f f e ren t s o i l moistures on the wult ipi icatioi 
of JT. brass icae on cabbage va r . Golden acre and 
eauliflower va r . Snow b a l l . 
. £akteg Cauliflower 
Moisture Final popula- Final popula-
percentage t ion per pot £ = E£ t ion per pot H = Pf 
P i P i 
10 13M+ 1.3 1938 1.9 
15 2^29 2.5 3030 3.0 
20 
25 
30 
35 
hO 
ich plant 
*lf 812 
11379 
10781 
1363 
k-77 
wgts inoculated with 
h. 8 
11.3 
10.7 
1.3 
0A 
1000 
5634-
13686 
12058 
207^ 
562 
specimens of .£. 
5.6 
13.6 
12.0 
2.0 
0.5 
brassicae. 
Each value i s an average of five replicates< 
zi O 
Reproduction factor for the corresponding tempera-
tures was 1.3, 2.5, *+«8, 11.3, 10.7, 1»3 and O A times the 
initial population. 
Similar response was noted around the roots of 
cauliflower. The reproduction factor at 10, 15, 20, 25, 
35 and *+0 per cent, moisture levels was. 1.9, 3,0, 5.6, 
13.6, 12.0, 2.0 and 0.5 times the initial population res-
pectively. It is, therefore, evident that the optimum 
soil moisture for the reproduction of T. brassicae both on 
cabbage and cauliflower was between 25 and 30 per cent. 
"When autoclaved soil contained in pots and without 
any plant was inoculated with 1000 specimens of T. brassicae 
the decline in population was initiated at all the tempera-
After 30 days 
tures. £the number of T. brassicae recovered was 632, 5l*+t 
h2h, 365, 275 and 15
 at 15, 20, 25, 30, 35 and *f0°C res-
pectively. There was progressive decline in population 
after each interval. Finally after 2^3 days, the number 
of nematodes recovered was 92, 71, 63, 32, 0, 0 for the 
corresponding temperatures (Fig. 8 and Table 7 Appendix). 
It is, therefore, concluded that even after 2*4-0 days, the 
nematodes survived in the absence of host almost at all 
the temperatures except 35 and lfO°C., The number of 
nematodes that survived was more at 15 and 20°C than at 
25 and 30°C 
Figure 8. 
Effect of 6 d i f fe ren t temperatures on survival of 
2 . hl&ssig&e in the absence of hos t . 
TEMPRATURE 
re; 
30 60 90 120 150 
TIME IN DAYS 
180 210 240 
4'S 
It is evident from Fig. 9 and Table 8(Appendix) 
that soil moisture also influenced the population of T. 
brassicae in. the same manner.- At the end of 30 days, the 
number of nematodes recovered was ; 356, 1*82, 513, 52-5 y I»-27, 
315 and 209 at 10, 15, 20, 25, 30, 35 and M) per cent 
moisture levels respectively. At every subsequent interval 
of 30 days, there was a further decline in population. 
Finally at the end-of 2\Q days no nematode : was recovered 
at 10, 35 and *+0 per cent moisture levels whereas at 15» 
20, 25 and 30 per cent, the number of nematodes, recovered 
was 35> 63, 61 and 32 respectively. It is, therefore, 
concluded that even after 2^0 days, the nematodes survived 
at 15J 20, 25 and 30 per cent moisture levels. However, 
the number of nematodes survived was more at 20 and 25 
per cent moisture levels than at 15 and 30 per cent# 
Fig. 10 and Table 9 (Appendix) show that when 
different population of T, brassicae was inoculated in 
autoclaved soil maintained at constant temperature (25°C) 
and moisture (20-30 per cent), a decrease in population 
was found at all population densities after 30 days of 
inoculation. The number of nematodes recovered after 
30 days was 3, 67, 615 and 7255 when the initial popula-
tion was 10, 100, 1000 and 10000 respectively. No 
nematode survived after 90 days and 150 days when initial 
Figure 9. ' 
Effect of 7 different moisture levels on tee 
survival of T. i r a g s i c ^ in the absence of host. 
MOISTURE 
(PERCENTAGE) 
150 180 
DAYS 
Figure 10. 
Survival of T -h^^,-
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 l n tte abseEce Q 
when a u t o c l a v e so i l was i n o , , n • „ 
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population was 10 and 100 respectively. However, 73 
and 2375 nematodes survived after 2LiO days when the 
initial population was 1000 and 10000 respectively. 
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Crop rotation has occupied a permanent place 
in soil management programme for centuries* The 
essential concept of crop rotation must have evolved 
gradually like any other practice of human activity. 
Crop sequence in relation to soil borne fungi has 
been revived by Glynne (1965) and pertaining to 
nematodes by Jones (195©)» 
Although.crop rotation is highly effective 
against most of the nematodes having a limited host 
range but not against those having wide host range* 
Since the nematicides are highly expensive, the control 
of nematodes by rotation of crops is meaningful, 
specially for the grops of low economic value* 
The population of £• brassicae was studied in 
two different fields, here arbitrarily named as field 
A and B where cabbage and cauliflower had been grown 
for years with certain rotational programmes. Figs. 11 
and 12 and Tables 10A and 10B (Appendix) show the 
population of £. brassicae for the period March 1966 
to February 1968* 
The population of 3. brassicae around the roots 
of cabbage in March 1966 in field A was 5952/250 g soil 
presumably because in earlier months cabbage was grown in 
Figure 11, 
Population ehanges of T. brassicae in fields A and B 
for the period March 1966 to February 1968. 
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Figures 12. 
Effect of different cropping p a t t e r on the ratio of 
females, males and l a r v a e . 
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the field. There was a gradual Increase in population 
and in May it reached 7327. When the field was left 
fallow, the population declined and in August it was only 
626. As a result of planting cauliflower in September, 
the population again increased and finally in December it • 
was 10123. At the time of planting wheat in January 1967 
the population was as high as in May 1966 but 3 months 
following wheat, the population dropped to 2392. The 
field was again left fallow which resulted in further 
bringing down the population and ultimately a month prior 
to planting cauliflower in July 1967, the population was 
only V30. As a result of planting cauliflower followed 
by cabbage, there was again a heavy build up of population 
and finally during February 1968, the population was 137H-2. 
Despite the fact that during December 1966 and 
1967 and January 1967 and 1968, the temperature was far 
below the optimum for the multiplication of I. brassicae. 
during 
yet the population remained high presumably because/this 
period cauliflower and cabbage was gro\-m in the field. 
During May and December, 1966, November, 1967 and 
February 1968, the population of larvae was 29^0, hMk, 
5l*+0, 6222 respectively; whereas the population of females 
was 25^3, 32**7, ^ 260 and ^30 respectively for the correspond-
ing months. On the other hand, in August, 1966, April 
ft* 9 
and July, 1967> the population of larvae was 182,9H0 and 
115 respectively|whereas the population of females was 
30V, 1055 and 190 respectively for the corresponding months. 
It appears that in the presence of suitable hosts 
viz., cabbage and cauliflower, there was not only increase 
in the total population of nematodes but there were more 
larvae than females. On the other hand, when non-host 
crop was grown or the field was left fallow the population 
of females was more. Similar trend in seasonal fluctua-
tion of T. brassicae was recorded in field B.(Fig^, 11 & 12 
.and Tables 1GG & 1GD.Appendix) 
The results of vertical distribution of T9 brassicae 
in field A are given in Figs. 13-A and 13-B and Tables 11-A 
to 11-D (Appendix). The trend is almost the same as 
in Tables 10-A to 10-D. However, the number of nematodes 
isolated from different depths varied. The population of 
!• brassicae in October 1966 increased from 1535» 930, h?5 
and 250 to 1+250, 2525, 875 and 360 at a depth of 15, 30, k$' 
and 60 cm respectively in 250 g. of soil. 
In general the highest nematode population was fcneounterei 
either in the upper 0-15 em o f soil or at 16 to 30 cm and 
the lowest at the depth of H6-60 cm. This pattern was 
maintained throughout the studies i.e. from October 1966 
to August 1968, irrespective of the fact whether the host 
Figures 13A & B. 
The vertical distribution of
 2. l^r^sic^e in field A 
for the period September 1966 to August 1968. 
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crop or non-host crop was grown or the field remained 
fallow. 
This experiment further confirms the earlier 
findings that as long as the field was -under cabbage and 
cauliflower cultivation, there were more larvae than 
females. However, when non-host crop viz., wheat was 
grown or the field was kept fallow, the females were more 
than larvae. This was true at all the depths. 
These results lead one to conclude that the vertical 
distribution of T. brassicae is greatly influenced by the 
root concentration of the host crop. The roots of cabbage 
and cauliflower were mainly concentrated in the upper 
0-15 cm of soil and lowest at 1*6-60 cm depth but as the 
plants attained their full development and maturity, 
maximum number of roots were found at 16-30 cm depth and 
consequently there were more nematodes at 0-15 cm or 
16-30 cm depth. This trend persisted even in the absence 
of host as long as temperature and moisture were favourable. 
However, when temperature or moisture was not favourable 
this was not true. 
;;, n 
The use of nematicides has increased manyfold 
during the past two decades or so. This very fact is 
an ample testimony of their effectiveness for the control 
of nematodes. The literature pertaining to nematicides 
has been reviewed by Peachy and Chapman (1966), Peachy 
and Larbey (1966, 67). Siddiqui e^ aO.. (1965), Swarup 
e& al. (1967), Kumarswami et al. (1967), Singh (1967), 
and ladav and Waik (1967) reported their efficacy against 
a variety of nematodes under Indian conditions. 
Tables 12 and 13 show the response of cabbage 
and cauliflower seedlings and the population of T. brassicae 
when grown in autoclaved soil inoculated with 1000 speci-
mens of T. brassicae and subsequently treated with DD, 
Vapam, Nemaphos, Thimet 10G, Solvirex and Rogor G. The 
population of T. brassicae in 2 kg soil around the roots 
of cabbage was 0, 0, H-975, **832, 52*45 and 6130 respectively, 
whereas from untreated pots it was 6325. 
The increase in the weight of cabbage plants in 
DD, Vapam and Thimet 10G treated soil was significant at 
5 per cent level. Soil treated with Nemaphos, Solvirex 
and Rogor G, had a detrimental effect on cabbage plant 
as the weight of the plants was less than the untreated 
ones. Almost similar results were obtained when cauli-
flower was grown in place of cabbage. 
TABLE-12. Results showing the effect of different 
pesticides on population of Z* brassicae 
around the roots of cabbage and cauliflower 
and on plant growth after 90 days of the 
treatments in pots. 
Treatments 
DD 
Vapam 
Nemaphos 
Thimet 10G 
Solvirex 
Rogor G 
Untreated 
L.S.D. a t 5% l eve l 
Seedlings 
I* framUi 
Cabbage va r . 
Golden acre 
Weight of Popular 
p lan t i n t ion i n 
g 2 kg 
s o i l 
836 
785 
318 
»f08 
308 
310 
335 
5* 
0 
0 
1*975 
*f832 
52H5 
6130 
6325 
-
Cauliflower va r . 
Snowball 
Weight of 
p lan t i n 
g 
962 
906 
33k 
Mf3 
321 
279 
318 
28 
were inoculated with 1000 specimens 
2&S p r io r to the t rea tments . 
Popula-
t ion i n 
2 kg 
s o i l 
0 
0 
5872 
5705 
6112 
7160 
6806 
•* 
of 
Each figure is a mean of five renlicates. 
<L.I 
TABLE-13. Results showing the effect of different 
pesticides on population of !• ftras,§J.c.&®. 
around the roots of cabbage and cauliflower 
and on plant growth after 90 &ays of the 
treatments in field* 
Treatments 
DD 
Vapam 
Nemaphos 
Thimet 10G 
Solvirex 
Rogor S 
Untreated 
L.S.D. at % level 
Average initial 
Cabbage var Golden 
W?e , _ 
Weight of Popula-
plant in istion 
g in 250 
g soil 
1*4-80 
1296 
735 
713 
682 
652 
665 
72 
population of 
i 
96 
108 
3215 
3150 
3536 
3870 
39*5 
"• 
Cauliflower var, 
Sno,w ,bftU 
Weight of Popula-
plant in iation 
g in 250 
g soil 
175* 
1672 
9if7 
985 
862 
892 
915 
67 
I. brass^cae in 
122 
165 
33*5 
3572 
37*0 
*05* 
*560 
-
250 g of field soil was 1150 prior to the 
treatments* 
Each figure is a mean of five replicates. 
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In field tests, both around cabbage and cauli-
flower, very few nematodes were isolated from BD and 
Vapam treated beds, whereas in the remaining treatments 
the nematode population was high but slightly less than 
the control. 
The increase in weight of cabbage and cauliflower 
plants was significant only in DD and Vapam treated beds. 
The results were also significant in Thimet 10G treatment 
in cauliflower plants, while in others the weight of 
plants was not significant. 
Figure 1*+ and Table 1*f (Appendix) show that in 
BB and Vapam there was 100 per cent mortality at all 
dilutions except 0.0001 and even at this dilution, the 
mortality was statistically significant. Nemaphos and 
Thimet 10G were highly toxic at 0.01 dilution as the 
percentage mortality after 12 hours was 86 and 80 per 
cent respectively. Solvirex was relatively less toxic 
and Rogor G was non-toxic as the percentage mortality 
was k-7,3 and 7.0 per cent respectively. The mortality 
increased with lapse of time and even in Rogor G the 
percentage mortality after 96 hours was 60 per cent. 
Nemaphos and Thimet 10G also showed significant mortality 
at 0.002, 0.001 and 0.0002 dilutions while in Solvirex 
and Rogor G it was significant only upto the dilution 
of 0.001 after 96 hours. 
Figure Ik. 
Linear relationship between different dilutions of 
M , Vapam, Neoaphos, S o l v i t , Th i m e t 10G and Roger a 
and the mortality of J . ia jss isaj , . 
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Figures 15A and D and 
Results presented in/Tables 1.5 and 16 show that 
when seeds of cabbage and cauliflower were sown in sterili-
zed soil, inoculated with 10000 specimens of T. brassicae 
and subsequently treated with DD or Vapam or autoclaved, 
no nematodes could be isolated from pots treated with DP, 
Vapam or autoclaved. However the number of T. brassicae 
recorded from untreated pots was 39300 and 37500 on cabbage 
and cauliflower respectively. Similarly the growth of 
the seedlings was significantly higher in all the treatments 
than the control. 
Some of the seedlings from each of the above 
treatments were transferred to field having an average 
initial population 2150 of T. brassicae in 250 g of soil. 
3L» brassicae multiplied equally well on plants irrespective 
of the conditions they were exposed prior to transplanting. 
The number of T. brassicae isolated from around the roots 
of cabbage plants grown earlier in DD, Vapam, autoclaved' 
and untreated was 10850, 112M3, 10*+80 and 9950 respectively. 
However, weight of cabbage plants initially grown in all 
the treated soil was significantly higher than those grown 
in untreated soil. 
Figures 16A-G and 
/Tables 17 and 18 show the effect of treating 
seedbeds with DD, Vapam, Nemaphos, Solvirex, Thimet 10G, 
Eogor G and untreated on the population of T. brassicae 
Figure 15A. 
Growth of cabbage seedlings when grown in DD, 
Vapam, autoclaved and untreated s o i l . 
Figure 1|?B. 
Single seedling of cabbage. 

Figure 15G. 
Growth of cauliflower seedlings when grown in DD, 
Vapam, autoclaved and untreated soils. 
Figure 15&. 
Single seedling of cauliflower. 

TABLE-15. Effect of different soil treatments on seedling 
growth of cabbage var. Golden acre and cauliflower 
var. Snow ball and the population of T. brassicae. 
Cabbage var. Golden acre. Cauliflower var. 
Snowball. 
Treatments Weight of Final popu- Weight of Final 
plant in g. lation. plant in popula-
J&i tion. 
DD 5.2 6A 
Vapam 
Steam sterilized 
Untreated 
L.S.D. 
h.6 
h.X 
2.1 
1.8 
0 
u 
39300 
5.8 
5.1 
2. l f 
1.6 
0 
0 
37500 
Pots having 2 kg soil were inoculated with 10000 
specimens of T. brassicae prior to the treatments. 
Each figure is a mean of 20 replicates. 
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TABLE-16. Growth of cabbage var. Golden acre and 
cauliflower var. Snowball raised in pots 
treated earlier with DD or Vapam or steam 
sterilized and later transplanted to 
naturally infested soil,* 
Treatments 
Cabbage var . Golden Cauliflower var* 
acre gPflyftaMln 
Weight of Final Weight of Final 
plant in popula- plant in popula-
g. tion g tion 
DD 1556 10850 1>t60 9780 
Steam s ter i l ized 
Untreated 
L.S.D. 
1¥*8 
1278 
73I4. 
313 
112H0 
101*80 
9950 
120U- 92**0 
115© 
618 
272 
9830 
9670 
* I n i t i a l population of 1 . brassicae in 250 g soi l 
was 2150 
Each figure i s a mean of 10 replicates* 
Figure 16A & B. 
Growth of cabbage and cauliflower when grown in seed 
beds t reated with W and Vapam. 
K
~s2 
Figures 16G & D. 
Growth of cabbage and cauliflower when grown in seed 
beds treated with Nemaphos and Thimet 10G, 
v*-> 
rrrp 
* 
Figures 16E & F. 
Growth of cabbage and cauliflower when grown in seed 
b^ds treated with Solvirex and untreated. 
j » r ' ' : 
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IABLE-17. Effect of different pesticides on seedling 
growth of cabbage var. Golden acre and 
cauliflower var. Snowball and the population 
of T. brassicae in seedbeds. 
Treatments 
Cabbage var. 
Golden acre. 
Weight of Final 
plant in popula-
g tion 
Cauliflower var. 
Snowball 
Weight of Final 
plant in popula-
g tion 
DD 9.3 3^ 8.6 38 
Vapam 
Nemaphos 
Solvirex 
Thimet 10G 
Rogor G 
Untreated 
L.S..D 
8.9 
5.8 
5A 
6.1 
5.o 
•5.2 
1.5 
Initial population 
72 
¥f80 
3870 
^370 
5080 
U620 
~. 
8.2 
6.0 
5.9 
6.1 
5.2 
5.3 
1A 
of T. brassicae was 
i-i.l.i.. 
1 1 
if260 
- M+20 
W50 
5300 
5680 
-
1550 in 250 g s< 
Each figure is a mean of 20 replicates. 
P} 
TABLE-18. Growth of cabbage var. Golden acre and 
cauliflower var. Snowball raised in beds 
treated earlier with DD or Vapam and 
later transplanted to naturally infested 
soil.* 
Cabbage var. Golden 
acre ; 
Weight of Final 
plant in popula-
g tion 
Cauliflower var. 
SmartotfX. 
Weight of Final 
plant in popula-
g tion 
DD 1372 12500 1282 10780 
Vapam 12M4- 11860 1136 10750 
Control 836 11750 7kS 10620 
L.S.D. 9.17 
* Initial population of JU brassicae was 2200 
in 250 g soil. 
Each figure is a mean of 10 replicates. 
and on the growth of cabbage and cauliflower seedlings 
raised in these seedbeds* 
After 35 days of seeding, the number of T. 
brassicae recorded was 3^ f, 72, *tW3o, 3870, *+37Q, 5080 
and 1*620 from cabbage seedbeds treated with DD, Vapam, 
Nemaphos, Solvirex, Thimet 100, Hogor 0 and untreated 
respectively while from cauliflower seedbeds it was 
38, Mf, »*260, l*if20, *t850, 5300 and 5680 for the corres-
ponding treatments* 
The increase in weight of cabbage and cauli-
flower seedlings was significant only in DD and Vapam 
treated seedbeds as compared to control. 
Since Nemaphos, Solvirex and Thimet 100 were 
less effective, therefore, seedlings raised in DD and 
Vapam treated beds were transferred to field having 
an average initial population of 2200 of £. brassicae. 
The number of T> brassicae recorded was 12500, 
11860 and 11750 from around the roots of cabbage grown 
earlier in DD, Vapam or untreated respectively. The 
growth of plants initially treated with DD or Vapam 
was statistically significant. 
Similar results were obtained with cauliflower. 
(Tables 15 and 16). 
r*i C) 
The use of organic additives is also considered 
as an effective method for the control of plant parasitic 
nematodes. Linford, Yapp and Oliveira (1938) demonstrated 
that the soil which had received organic matter was practi-
eally free from root-knot- nematode infestation, while the 
plants grown in untreated soil were heavily infected. 
Thompson (19^9) and Oostenbrink (1950) found that the plots 
which had received farmyard manure showed less Infestation 
of H, rostocheinsis than those plants which were treated 
with artificial fertilizers. Further, Oostenbrink (195*0 
observed the suppression in the rate of reproduction and 
infestation of Pratvlenchus sp* on various crops in farmyard 
manured plots than in those treated with fertilizer. Van 
der Laan (1956) showed that in plots treated with compost 
or farmyard manure, the development of the larvae of 
H. rostocheinsis was significantly less on potato roots as 
compared to artificial fertilizer. Laar'(1959) concluded 
that H. rostochlensisT H. schachtii and M, ,1 avanica could 
be effectively controlled by adding castor pomace to 
infested soil. Mankau and Minteer (1962) studied the 
effect of steer manure, chicken manure, cotton waste, 
* 
sugarbeet pulp, alfalfa pellets and alfalfa hay, liquified 
fish and castor pomace on the population of citrus nematode, 
T. semipenetrans. They obtained complete elimination of 
r; <5 
citrus, nematode larvae from the soil with castor pomace 
additive, while the larval population reduced by 50 per 
cent or so with other amendments. 
.Singh and Sitaraoaiah (1966) and Khan ejj si (1967) 
demonstrated that oilcakes of neem, castor and groundnut 
etc. when added to the infested soil reduced the intensity 
of root-knot nematode. The latter workers also showed 
that water extracts obtained directly from cakes or from 
deoiled cakes brought about marked inhibition in larval 
emergence of JJ. incognita. 
Figures 17A and 18-A and 
/.Tables 19 and 20 show the effect of different 
oilcakes on the population of £• brassicae and the growth 
of cabbage var. Golden acre. When the seedlings were 
sown in sterilized soil, treated with neem, mahua, ground-
nut, mustard and castor cakes and inorganic fertilizers 
and later inoculated with 1000 specimens of £. brassicae 
the population after 90 days was 1392, 1^8, 1508, 15*4-8, 
18^2 and if2!>2 respectively. ©n the other hand, the 
population in the untreated pots was W656. 
Under field conditions, where the average initial 
population was 1560, the number of T. brassicae recorded 
was 2266, 2918, 2350, 33^i 7928 and 8120 for the corres-
ponding treatments. The Increase in weight of cabbage 
Figure 17A. 
Growth of cabbage plants in soil treated with neem, 
mahua, groundnut, mustard and castor cakes. 
•/ 
- '" ^ \ ^ 
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Figure 18A 
Root system of cabbage plants which were grown in 
soil treated with different oilcakes. 

/ y> 
plants in pot as well as in field tests was significant 
at 5% level in all the treatments as compared to the 
control except in manna cake. Results were significant 
in all the oilcakes, when comparison is made between 
oilcakes and inorganic fertilizers except in pot tests 
treated with neem cake. 
Figures 17B and 18B and 
ZTables 19 and 20 show the effect of different 
oilcakes on the population of T. brassicae and the growth 
of cauliflower var. Snow ball. When the seedlings were 
sown in sterilized soil, treated with neem, mahua, ground-
nut, mustard and castor cakes and inorganic fertilizers 
and later inoculated with 1000 specimens of T. brassicae 
the nematode population after 90 days was 1*+62, 188*4-, 
1668,1772,208*4- and 62*4-0 respectively, while the nematodes 
recorded from untreated pots were 6928. 
In field tests where the average initial population 
was 1^60, the number of T. brassicae recorded was 23751 
2123, 2880, 31^-5, 3656, 972*4- and 9355 for the corresponding 
treatments. In pot as well as in field tests,, the ~ 
increase in the weight of cauliflower plants was statisti-
cally significant in all the treatments as compared to 
the control'except in mahua cake. 
In pot experiments, the results were significant 
in groundnut and mustard cake only as compared to inorganic 
Figure 17B. 
Growth of cauliflower plants in soil treated with 
neem, mahua, groundnut, mustard and castor cakes. 
' 
Figure 18B. 
Root system of cauliflower p lan ts which were grown 
i n s o i l t rea ted with d i f f e ren t o i l cakes . 
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TABLE- )9 Results showing the effect of different oilcakes 
on population of T. brassicae around the roots of 
cabbage and cauliflower and 3HKEfac/I>lant growth /on 
after 90 days of the treatments in pots. 
Oilcakes 
Cabbage var 
Golden acre. 
Cauliflower var. 
Snow ball 
Weight of Popula- Weight of Popula-
plant in tion in plant in tion in 
g 2 kg of g 2 kg of 
soil soil. 
Azadiracfrta indica Juss. 
Madhuca.indlca Gmel. 
Arachis hypogea L. 
Brassica nigra L. Koch. 
Bicinus communis L. 
Inorganic fertilizers 
(Amm. sulphate, Super 
phosphate and Potassium 
sulphate) 
Untreated 
L.S.D. at $% level 
1165 
269 
1519 
1377 
1319 
1177 
253 
69 
1392 
1*+88 
1508 
15W 
1852 
1+252 
14656 
-
578 
301 
810 
785 
70*+ 
601+ 
2*+l 
125 
l*+62 
188*4-
1668 
1772 
208*4-
62*+0 
6928 
-
Seedlings were inoculated with 1000 specimens of 
T. brassicae. 
Each figure is a mean of five replicates* 
ft 0 
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TABLE- 20 Eesults showing the effect of different oilcakes 
on population of T. brassj-cae around the roots of 
cabbage and cauliflower and tkaefag, plant growth ^on 
after 90 days of the treatments in field.* 
Oilcakes 
Cabbage var. 
Golden acre. 
Cauliflower var. 
Snow ball 
Weight of Popula- Weight of Popula-
plant inf tlon in plant in tion in 
g 2 kg of g 2 kg of 
' soil soil. 
Azadirachta indica Juss 12**5 2266 1^0 2375 
Madhuca indica Gmel. 
Arachis hy/pogea L. 
Brassica nigra L. Koch. 
Ricinus communis L. 
Inorganic fertilizers 
(Aram, sulphate, Super 
phosphate and Potassium 
sulphate) 
i+86 
1835 
1535 
1615 
11i*5 
2918 
2350 
28**2 
3351*-
7928 
713 
221*5 
1861* 
1872 
1332 
2123 
2880 
31^5 
3656 
972V 
Untreated 512 8120 618 9355 
L.S.D. at level ^3 139 
* Initial population of £. bxaasicae in 250 g soil was 1560. 
• M 
Each value is an average of five replicates, 
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fertilizers. But in field tests results were significant7 
in all the oilcakes treatments except in mahua cake. 
Table 21 shows the effect of different organic 
additives on soil heavily infested with T. brassieae 
(16000/2 kg soil) in the absence of host. 
After 30 days, the-number of nematodes recovered 
was 26^8, 309^, 302>+, 3231, 39UV, 10**65 and 11605 from the 
soil treated with groundnut, mustard, neem, mahua and 
castor cakes, inorganic fertilizers and from untreated soil. 
There was a gradual decline in nematode population 
after each interval of 30 days. Finally, after 180 days, 
the number of nematodes recovered was 62*+, 766, 9^2, 11H-6, 
1255) ^ 675 and 536^ for the corresponding treatments. 
From the foregoing data, it is concluded that the 
suppression in the nematode population was more in oilcakes. 
Moreover, the highest suppression in the nematode population 
was noted in groundnut cake and the least in untreated soil. 
Figs. 1'9 and 20, and Tables 22 and 23 (Appendix) 
show that S and S 2 dilutions of water extracts of all the 
oilcakes and deoiled cakes brought about 100 per cent 
mortality of T. brassicae after 96 hours. However, • 
response of other dilutions of different oilcakes varied. 
O 9 
TABLE- 21 Effect of incorporating organic additives in 2 kg 
field soil heavily infested* with T. brassicae in 
the -absence of host 
Population after different days 
Oilcakes/manure 30 60 90 120 1^0 T8o"~ 
Arachis hypoeea L. 2658 19&V 1185 988 916 62»+ 
Brassica nigra L.Koch. 309*+ 2123 2092 1265 1156 766 
Azadirachta indica Juss302*<- 2355 2076 1756 1372 9^ 2 
Madhuca indica Gmel. 3231 2750 2336 2160 1821 11H6 
Ricinus communis L. 3 9 ^ 3593 3112 18H6 157^ 1255 
Inorganic fertilizers 10365 8125 7765 71>0- 5^0 M>75 
(Amm. sulphate, Super 
phosphate, Potassium 
sulphate) 
Control 11605 9855 8680 8175 7625 536^ 
* Each two kg soil sample contained approximately 16000 
specimens of T. brassicae prior to the treatments. 
Each value is an average of five replicates. 
Figures 19 & 20. 
Linear relationships between different dilutions of 
water soluble fractions of oil and deoiled cakes of 
neem, mahua, castor, groundnut and mustard and the 
mortality of T. brassicae. 
NEEM" OIL CAKE 
CONCENTRATIONS OF EXTRACT 
MAHUA OIL CAKE 
f.61-8 4 li-5(X-3X96 HOURS) 
Y.4B5 + IB5(X-3*4fl " J 
Y.4I 8 •> I68(X-J)(13 '• 
CONCENTRATIONS OF EXTRACT 
o o 96 HOURS 
CASTOR OIL CAKE 
I6-5(X-3K96M0URSJ 
CONCENTRATIONS OF EXTRACT 
GROUNDNUT OIL CAKE 
V.56-5 4 15 6 (X-3K96 HOURS) 
MUSTARD OIL CAKE 
Y.670 + ld-6(x-i)(96HOURSj 
CONCENTRATIONS OF EXTRACT CONCENTRATIONS OF EXTRACT 
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•obi -<5i 
CONCENTRATIONS OF EXTRACT 
M A H U A OEOILEO CAKE 
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CASTOR DEOILED C A K E 
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CONCENTRATIONS OF E XTRAC T 
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OOI 01 05 -\ -5 
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CONCENTRATIONS OF EXTRACT 
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The percentage mortality after 12 hours was significant 
upto S(-0 dilution in all the oilcakes. The results -were 
also significant even at s 1 0o ^i 1^* 0 1 1 i n neera and mustard 
oilcakes. This dilution i.e. S.-.- of all the oilcakes was 
equally e ffective after M-8 hours. Mortality of nematodes 
became significant even at S-JQOO c^^ion after 96 hours 
except in groundnut oilcake. 
Similar results were obtained in water soluble 
extracts of deolled cakes upto S^Q dilution but in other 
dilutions the results varied from that of oilcake extracts. 
The differences in percentage mortality between most of the 
dilutions of oilcakes and deoiled cakes were significant. 
However, there was not much differenag>in mortality between 
different cake extracts. The mortality was highest in 
mustard oilcake extracts (95*2 per cent) and lowest in 
groundnut (87.3 per cent) in S2 dilution, after 12 hours. 
On the other hand, in deoiled cakes extracts, the highest 
mortality was found in neem (9*+.5 P©r cent) and lowest in 
groundnut (82 per cent) in S„ dilution after 12 hours but 
after 96 hours it was highest in mustard (91.0 per cent) 
and lowest in castor (78.5 per cent) in S 1 Q dilution. It 
is, therefore, concluded that the mortality decreased with 
the increasing-dilutions in both water soluble fractions 
of oil and deoiled cakes. 
o E; 
DISCUSSION AND CONCLUSION 
Considerable work has been carried on different 
aspects of several species of Tylenchorhvnchus ( Reynolds 
and Evans 1953, Birchfield and Martin 1956, Nelson 1956 
and Krusb'er& 1959). Although Siddiqi (1961) described 
!• brassicae from around the roots of cauliflower from 
Aligar.h, yet little is known about its etiology. 
The survey of 29 districts in Uttar Pradesh 
indicates that T. brassicae is invariably associated with 
the roots of cabbage and cauliflower and its population 
has been exceptionally high in certain localities (Fig. 2). 
Despite the fact that specimens of Tylenchorhynchus 
used in the present studies somewhat differed from T. brassi-
cae with respect to the position of excretory pore, shape 
and size of spear and number of tail annules, still these 
have been assumed as variations within T. brassicae (Fig. 1). 
It appears that T. brassicae is not polyphagus, 
as marked increase in population has taken place only 
on tomato, cabbage, cauliflower and certain other crucifers 
and not on any of the remaining 19 vegetables and 18 
ornamentals tested. These results further suggest 
6 
that when reproduction rate is high i.e. five times or 
above, the damage caused to plants is statistically 
significant. Contrariwise when reproduction rate is 
below these values the damage is not significant (Tables 
1-3 and Figs. 3-5)• These findings are at variance with 
those of Krusberg (1959) who reported that nematode popula-
tion cannot be a good criterion for determining the suitabili-
ty or non-suitability of hosts. However, they confirm the 
results of' Nelson (1956), Birchfield and Martin (1956), 
Jones (1957), and Oostehbrink (1966), who obtained a correla-
tion between population build-up and host damage. 
Varieties of cabbage and cauliflower used in the 
test are highly susceptible to T. brassicae. yet significant 
damage correspond with higher nematode population (1000 or 
10000). On the other hand, when the population has been 
low, the plants are capable of tolerating it ( 10 or 100 ), 
without appreciable injury (Table h and Figs. 6A-C). These 
findings confirm the results of Reynolds and Evans (1953) on 
cotton and teparybeans; Welon (1956) on hybrid corn breeding 
lines, where. & significant decrease in weight of plants 
inoculated with high initial population density has been 
observed. These also confirm the findings of Birchfield 
and Martin (1956), who reported that green weight of plants 
was significantly reduced under very high initial population 
influences. 
P f7 
Histopathological s tudies show tha t the adu l t s , 
l a rvae and eggs of T. brass icae are mostly confined to 
the c o r t i c a l t i s sues of both cabbage and caulif lower. 
At times the nematodes are found in the s t e l a r region of 
the roots (Figs. 7A to 7E). These observations confirm 
the findings of S te ine r (1937) and cont radic t the conclusion 
of Reynolds and Evans (1953) and Krusberg (1959) who reported 
tha t i t i s only the larvae which are endoparasi tes . 
Highest increase in nematode population both on 
cabbage and cauliflower occurs a t 30°C. T, brass icae 
f a i l s to survive i n the absence of host ' a t 35 and Ho°C 
a f t e r 90 and 30 days respect ive ly . However, i t s survival 
i s more a t 15°C than a t other temperatures (Fig. 8 and 
Tables 5 and 7 Appendix). These f indings, i n a way, are 
in conformity with those of Krusberg (1959). 
Highest increase in nematode population takes 
place between 25-30 per cent moisture l e v e l s , and a t the 
remaining moisture l eve l s the 'R' value has been low. 
The survival of T. brass icae i s highest between 20-25 
per cent moisture l eve l s in the absence of hos t . T. b r a s s i -
cae succumbs a f t e r 60 days a t 35 and J+O.per cent and a f te r 
150 days a t 10 per cent moisture leve ls (Fig. 9 and Tables 
6 and 8 Appendix). These r e su l t s confirm the findings of 
Johnston (1958). 
There i s marked decl ine i n nematode population 
a t lower i n i t i a l population d e n s i t i e s . No nematode i s 
o o 
o o 
recovered after 90 or 150 days when the initial population 
density is 10 or 100 respectively. However, when the 
initial population has been 1000 or 10000, a few, nematodes 
survive even after 2*4-0 days (Fig. 10 and Table 9 Appendix). 
Throughout the period of study the population of 
1* brassiere has gone up considerably when cabbage and 
cauliflower has been grown irrespective of the prevailing 
temperature and moisture conditions. On the other hand, 
when the field is left fallow or non-host i.e. wheat is 
grown a decline in population occurs and in extreme cases 
the population becomes 1/23rd of the peak population even 
when temperature and moisture conditions are favourable. 
More larvae and less females of T. brassicae have been en-
countered whenever cabbage or cauliflower has been grown, 
on the other hand, the number of females tends to increase 
when wheat has been sown or the field has been left fallow 
(Figs. 11 and 12 and Tables 10A-10B). 
This trend is also observed in field B, where the 
crop rotation programme has almost been similar (Figs. 11 
and 12 and Tables 10C-10D Appendix). 
In general, the population of JT. brassicae through-
out the period of investigation has been highest in the upper 
layer i.e. 0-15 cm or at 16-30 cm depth and lowest at ^ 6-60 cm 
depth since in the former regions the roots of the host 
plants are mainly concentrated. Moreover, here also more 
larvae have been isolated in the presence of host than 
otherwise (Figs. 13A and 13B and Tables 11A-11D Appendix). 
O Q 
I t i s more l ikely that in the presence of hosts , 
the nematodes maintain a constant rate of multiplication 
and consequently the number of larvae i s always substan-
t i a l l y higher than females but in the absence of suitable 
host , the multiplication rate becomes negligible and i t 
resul ts in a decrease of larval population and increase of 
one 
mature females* These findings also lead/to conclude that 
soi l temperatures and soil moistures wMy&i^m&tixapmmtik 
yet they play a minor role. These resul ts support the 
findings of Jones (19^6), Oostenbrink (1961), Epps and 
Ghambers (1965) and Mokhopadhyaya and Prasad (1968), 
DD and Vapam have been equally effective against 
1* brassicae in pot as well as in field tes t s and the 
growth of both cabbage and cauliflower has been s igni f i -
cantly more in DD and Vapam treated soi l as compared to 
untreated ones (Tables 12 and 13). 
The efficacy of DD and Vapam i s further supported 
by the mortality tes ts where the nematode ki l l ing i s 
significant even in the lowest concentration (Fig. m and 
Table 1*4- Appendix). These results support the findings 
of Siddiqui e j aJL,,, (1965), Kumarswami .ej 2^, (1967), 
Swarup ejfe £U, (1967), Yadav and Naik (1967) and Singh (1967) 
Tests relating to sowing of cabbage and cauliflower 
seeds in DD and Vapam treated soi l and l a t e r transferring 
the seedlings to naturally infested field clearly indicate 
90 
that although there is no marked difference in the 
final population around the roots of such seedlings, 
yet the growth of the plants receiving such treatments 
is significantly more than the control (Figs. 15A-D, 
16A-G and Tables 15-18). These tests and similar tests 
(unpublished) on tomatoj chilli, and egg plant carried out 
in rootknot infested soil conclusively lead one to presume 
that in plants where transplantation is possible, such 
an operation will help to produce crops with a favourable 
ratio of cost to return, a fact which is important in 
initiating any control programme. 
Though Nemaphos and Thimet 1QG also reduce the 
nematode population, yet the increase in weight of cabbage 
and cauliflower is statistically significant only in 
Thimet 10G. Solvirex and Rogor G have neither been 
effective in reducing the population nor beneficial for 
plant growth (Tables 12 and 13). 
Failure of Rogor G and Solvirex to act as 
efficient"nematicides can be explained due to their 
inability to kill nematodes at concentrations where 
Nemaphos and Thimet 10G have brought about higher per-
centage of mortality (Fig. 1»+ and Table 1*+ Appendix). 
Si 
Oilcakes of Ueem, groundnut, mustard and castor 
are highly effective in reducing the population of T. 
brassicae in pot as well as in field tests. The increase 
in weight of cabbage and cauliflower plants is significant 
in the aforesaid oilcakes as compared to inorganic ferti= 
lizers. Mahua oilcake, although effective for the 
nematode control is somewhat phytotoxic. In the absence 
of host, when naturally infested soils are treated with 
oilcakes and with inorganic fertilizers the reduction in 
nematode population is more in oilcakes than in inorganic 
fertilizers or in untreated soil (Figs, 17A-B, 18A-B and 
Tables 19-21). 
Almost all the nematodes are killed in S and 
S 2 concentrations of water soluble extracts of oilcakes 
and deoiled cakes. However, the nematode mortality is 
higher in neem and mustard cake extracts than in.mahua, 
castor and groundnut cake extracts (Figs. 19 and 20 and 
Tables 22 and 23 Appendix). Thus they confirm the 
earlier reports of Singh and Sitaramaiah (1966), Khan et al.-
(1967) and Khan and Saxena (1968). 
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A P P E N D I X 
TABLE 7. Survival aflxickidsgR of T. brass icae in the absence 
of host a t 6 d i f fe ren t temperatures and 25-30 
per cent moisture l e v e l s . 
Temp. I n i t i a l Nematodes recovered a f t e r odd^aataatt days 
i n popular 3 0 6 0 ~90 120 1 5 0 T S 6 " 2 1 0 2 ^ 0 " 
degree t i o n . 
15 1000 632 28*f 226 185 162 112 109 92 
20 1000 511+ 273 216 178 1*+6 97 85 71 
25 1000 Half 266 205 163 1^1 93 78 63 
30 1000 365 213 192 81 66 \2 36 32 
35 1000 275 1W3 ' 32 0 0 - 0 0 0 
ko 1000 15 0 0 0 0 0 0 0 
Each value is an average of 3 replicates. 
TABLE 8. Survival xobsi±foiy of T. brass icae i n the absence of 
host a t 7 d i f fe ren t moisture/ , and 25 C temperature, / l e v e l s 
Moisture I n i t i a l Nematodes recovered a f t e r d i f f e ren t d.ays 
per cent popula- 30 6 0 9 0 1 2 0 150 T80~ 210 2W 
t i o n . 
10 1000 356 223 112 62 k$ 
1^ 1000 kS2 39^ - 2?h 123 92 
20 1000 513 if72 293 182 138 
25 1000 525 9^1 265 172 129 
30 1000 *f27 378 2*f0 121 108 
35 1000 315 112 0 0 0 
•^0 1000 209 71 0 0 0 
Each value is an average of three replicates. 
0 0 0 
68 . h9 35 
114- 82 63 
98 76 61 
85 61* 32 
0 0 0 
0 0 0 
TABLE 9. Survival ato&fckdsftcof T. brass icae a t constant 
temperature 25> u and moisture (20-30 per cent) 
in the absence of hos t . 
N0# 0 f Nematodes recovered a f t e r 
specimens Days _^__ 
__ g_ __ ^ 0 Tp T5o 210 "mo" 
10 
100 67 ^3 19 7 
1000 615 ^91 317 2$h 168 121 98 73 
10000 7255 5872 531^ W V ^ 2 5 U016 3690 2375 
Each value i s an average of three r e p l i c a t e s . 
4 
TABLE 10-A. Fluctuations in the population of T. brassicae 
under different crofting sequences from March 1$66 
to February 1967 in field A, 
Number of nematodes* 
Month 
March 
1966 
Apri l 
May 
June 
Ju ly 
August 
Sept . 
Oct. 
Nov. 
December 
January 
1967 
February 
Crop 
Cabbage 
tt 
w 
Fallow 
it 
it 
Cauli -
flower 
ti 
ii 
11 
Wheat 
1 
11 
Females 
2130 
2382 
251+3 
13^5 
6k$ 
30V 
680 
1750 
3215 
3^27 
2835 
16 -^0 
Males 
12 -^8 
1380 
183^ 
965 
if 12 
1^0 
232 
1135 
21U-2 
2562 
1720 
1325 
Larvae 
257^ 
2825 
2950 
1120 
372 
182 
72k 
2130 
3980 
h13h 
2750 
lMf5 
Total 
popu-
la t ion 
5952 
6587 
7327 
3^30 
1*f29 
626 
1656 
^•015 
9337 
10123 
7305 
M+10 
Mois-
ture 
L. % ' 
23.8 
28.0 
25.5 
1-8A 
12.3 
17.3 
20.7 
25 .5 . 
20.5 
23.5 
22.5 
1^.7 
Temp. 
°C 
25.2 
29.3 
32. h 
3^.0 
33.5 
3^.5 
29.6 
25.2 
21.5 
11.0 
10.3 
20.0 
Each value is an average of six soil samples of 250 g. 
TABLE 10-B. Fluctuations in the population of T. brassicae 
under different caajping sequences from March 1967 
to February 1968 m field A. . 
mmxwwx 
""""Mo. of nematodes : ' - : "~T 
Month Crop Females Males Larvae Total Mois- Temp. 
popu- ture or 
lation $ ° 
March 
1967 
A p r i l 
May 
June 
J u l y 
August 
S e p t . 
October 
November 
December 
January 
1968 
February 
Wheat 
tt 
Fallow 
tt 
ti 
C a u l i -
f lower 
tt 
tt 
tt 
Cabbage 
tt 
, tt 
1090 
1055 
235 
205 
190 
305 
580 
1520 
3120 
1+260 
^685 
5130 
630 
397 
130 
135 
125 
130 
205 
1230 
1760 
1880 
2067 
2390 
10^-0 
9^0 
220 
125 
115 
560 
1060 
1820 
51^3 
5^87 
5560 
6222 
2760 
2392 
^ 585 
1+90 
*+30 
995 
1&M 
M 7 0 
10030 
11627 
12312 
137^2 
20 .2 
12.1+ 
8.6 
2 1 . 8 
* 
22 .5 
2>+.2 
23 .2 
21 .2 
2 0 . 3 
18 .3 
19.0 
19 .7 
27 .5 
29 .8 
35.0 
3k. 5 
3^.2 
32.5 
31 .8 
28 .1 
2*+.0 
12.2 
10 .8 
15.2 
Bach value is- an average of six soil samples, of 2J>0 g. 
TABLE 10-C. Fluctuations in the,population of-T. brasslcae 
under different cjoq^ ping sequences from March 1966 
to February 1967. in field B, 
Utimber of nematodes • 
Month Crop Females Males Larvae Total Mois- Temp. 
March 
1966 
A p r i l 
May-
June 
July-
August 
S e p t . 
October 
November 
December 
January 
1967 
February 
Cabbage 
it 
M 
Fal low 
n 
» 
C a u l i -
f lower 
tt 
11 
» 
Vlheat 
ti 
1230 
1375 
15^0 
Sh2 
¥+0 
265 
* 
kQ2 
1282 
2135 
261*5 
23^0 
1^30 
7^2 
835 
918 
636 
27^ 
120 
2¥f 
306 
1036 
1*4-37 
11*f6 
751 
168V 
1850 
'211V 
625 
360 
175 
532 
1730 
2*4-52 
3170 
2232 
920 
popu- t u r e 
l a t i o n . ^ 
3656 
W06O 
^572 
2103 
107^ 
560 
1258 
3318 
5623 
7252 
5718 
3101 
21 A 
2^ .5 
25 ,0 
12.9 
11 .3 
16.5 
20. i f 
26 .5 
22 .5 
22 .6 
2 1 . 3 
13 .5 
°C 
2V.5 
2 8 . 5 
31.2 
33.6 
33 .5 
3 ^ 3 
2 9 . 5 
25 .6 
20.4-
11.2 
10.6 
19.5 
Each value is an average of six soil samples of 250 g. 
TABLE 10-D. Fluctuations in the population of T. brassioae 
under dif f erent clipping sequences from March 1967 
to February 1968.in field B. 
] Number of nematodes _ _ _ _ _ 
Month Crop Females Males Larvae Total Mois- Temp. 
popu- ture oc 
lation % 
March 
1967 
A p r i l 
May 
June 
J u l y 
August 
S e p t , 
October 
November 
December 
January 
1968 
February 
Wheat 
tt 
Fallow 
M 
tt 
C a u l i -
flower 
n 
tt 
tt 
Cabbage 
tt 
tt 
1290 
952 
235 
220 
217 
310 
lf70 
1230 
1870 
31^0 
3770 
^3^0 
550 
216 
122 
105 
88 
130 
215 
650 
1810 
2137 
3157 
2262 
1015 
929 
150 
160 
157 
k65 
1 
910 
2160 
5020 
5^ +33 
5212 
5560 
2855 
2097 
507 
W5 
U62 
905 
.1595 
M-0^ 0 
8700 
10710 
1111*0 
12163 
21-.3 
1^.8 
7.5 
2 2 . 5 
23 .6 
2lf.5 
2 3 A 
2 0 . 8 
20.If 
19 .3 
19 .8 
20.M-
27.1 
29.2 
35 .0 
3^.3-
33.5 
33.3 
31.2 
27.7 
2^.3 
12.5 
10.7 
15A 
Each value is an average of six soil samples of 250 g. 
8 
TABLE 11-A. Fluctuations in the population of T. brassicae 
at different depths under different crop:Jpigig. 
sequences from September 1966 to February 1967. 
No« of nematodes Total Mois- Temp. 
Month Crop Depth Female Male Larvae popu- ture oG 
,cm - l a t i o n % 
665 
375 
155 
85 
1935 
1310 
360 
125 
3260 
2835 
905 
255 
3865 
^ 135 
1335 
V30 
1 9 ^ 
1255 
320 
225 
1275 
6*+5 
320 
m-5 
1535 
930 
W 
250 
if2 50 
2825 
875 
360 
7275 
6750 
2100 
650 
92V0 
9875 
3250 
1075 
6310 
5220 
1370 
750 
3850 
211+0 
975 
¥+5 
22.5 
19.6 
19.0 
16.2 
23. h 
2 1 A 
19.5 
17.0 
22.8 
22.2 
20.5 
16.8 
23.6 
2*+.l+ 
20.0 
18.0 
21.8 
19.5 
17.6 
15.1 
19.2 
17.3 
16.-1 
lh.6 
31.3 
31.0 
30.6 
30.2 
26.5 
26.0 
25.7 
2 5 A 
.23.0 
23.7 
2J+.0 
2tf.O 
11.5 
11.8 
12.6" 
12.8 
10.if 
11.1 
11.7 
12.6 
17.2 
17.6 
17.9 
18.1 
Sept . Gauli-
1966 flower 
October " 
0-15 
16-30 
31-^5 
1+6-60 
0-15 
16-30 
31-^5 
1+6-60 
525 
330 
205 
95 
13^5 
935 
265 
115 
3^5 
225 
115 
70 
970 
580 
250 
120 
Hovember" 0-15 2 -^35 1580 
16-30 2270 161+5 
31*^-5 6U-5 550 
1+6-60 225 170 
December" 0-15 32*+0 2135 
16-30 3525 2215 
31-W5 1130 785 
1+6-60 320 325 
J a n . Wheat 
1967 
Feb. 
0-15 
16-30 
31-^-5 
1+6-60 
0-15 
16-30 
3-1-1+5 
U6-60 
221+0 
2120 
610 
2lf0 
1M+0 
875 
M5 
180 
2125 
18U-5 
l+l+O 
285 
1135 
620 
2l+0 
120 
Each value is an average of three s6il samples of 250 g» 
TABLE 
Mon$h 
March 
1967 
A p r i l 
May 
June 
July-
August 
11-B, F l u c t u a t i o n s i n the i>or>ulation of T. b r a s s i c a e 
, a t d i f f e r e n t depths under d i f f e r e n t cropping 
sequences from March 1967 t o August 1968. 
Crop 
"Wheat 
» 
Fallow 
-
it 
11 
C a u l i -
f lower 
Depth 
cm 
0-15 
16-30 
31-H-5 
*+6-6o 
0-15 
16-30 
31-^5. 
1+6-60 
0-15 
16-30 
31-if 5 
i+6-60 
0 - 1 ^ 
16-30 
31-1*5 
1+6-60 
.0-1? 
16-30 
31-^5-
^6-60 
•0-15 
16,30 
31-^5 
1+6-60 
NO. 0 
Females 
1031 
575 
12U-
53 
505 
1+50 
280 
95 
55 
260 
110 
35 
255 
180 
130 
35 
170 
195 
115 
1+0 
210 
205 
150-
70 
>f n ^ a t c 4 e ^ , 
Males Larvae 
157 
1+1 
19 
16 
260 
1-H-O 
60 
30 
135 
105 
30 
1+5 
105 
110 
115 
30 
115 
125 
- 8 5 
15-
120 
105 
75 
55 
&2h 
h07 
170 
^3 
365 
380 
230 
70 
^5 
190 
75 
25 
125 
1*+0 
125 
20 
105 
155 
110 
35 
175 
160 
1.15 
60 
To t a l Mois-
popu- t u r e 
l a t i o n . % 
2012 
.1023 
313 
112 
1130 
970 
570 
195 
135 
555 
215 
105 
US5 
V30 
320 
85 
390 
^75 
310 
90 
505 
1+70 
3^0 
185 
a 
18.5 
17.2 
16 .8 
1ifA 
12.9 
12.1+ 
11.8 
11.2 
5.2 
8.5 
9.h 
10.2 
20 .6 
22 .0 
16.2 
12.0 
21 .5 ' : 
21 .2 
18 .3 
16.1+ 
21+.0 
21+.2 
2 2 . 3 
19.0 
1 
Temp. 
°C 
26 . h 
25.3 
21+.6 
21+.2 
27 .0 
26 .2 
25.2 
25 .2 
35.0 
3^.3 
33A 
32.0 
fr.h 
33.8 
32.8 
32 .3 
3^.8 
3^.1 
33.0 
31.0 
3^.5 
33.5 
33.0 ' 
32 .5 
Each value is an average of three soil samples of 250 g. 
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TABLE 11-C. Fluctuations in the population of T. brassicae 
at different depths under different cropping 
sequences from September 1967 to'February 1968. 
. / . ' ' ' ' • " 
So. of nematodes Total Mois- Temp. 
Month Crop- Depth Females Males Larvae popu- ture o^ 
S e p t . C a u l i -
1967 f l o w e r 
O c t o b e r " 
November" 
D e c embe r"C abbage 
J a n u a r y " 
1968 
F e b . " 
cm 
0 -15 
16-30 
3 1 - ^ 5 
U6-60 
0 - 1 5 
16-30 
31-H5 
1*6-60 
0 -15 
16-30 
31 -^5 
1*6-60 
0 -15 
16 -30 
31-^5 
1*6-60 
0 -15 
16 -30 
31-1*5 
H6-60 
0 - 1 5 
16-30 
31-J+5 
1*6-60 
1*60 
350 
" 205 
80 
1260 
510 
2k0 
85 
2U-10 
1210 
1*25 
125 
3120 
1380 
1*15 
160 
3156 
2M*0 
1035 
3^0 
1*217 
3835 
1820 
355 
170 
190 
60 
65 
1210 
3^0 
110 
75 
2270 
1130 
320 
130 
2320 
1 W 
i*85 
157 
- 2V10 
2080 
12*f5 
162 
2190 
2715 
1^35 
162 
510 
k30 
210 
70 
1660 
760 
255 
130 
3710 
2130 
715 
205 
»*380 
1785 
720 
290 
1*610 
i+300 
2MfO 
3H-5 
1*1*20 
1*3^0 
2670 
1*25 
l a t i o n . % 
111*0 
970 
h75 
215 
VI30 
1610 
605 
280 
8390 
M*70 
11*60 
1*60 
9820 
1*620 
1620 
607 
10176 
8820 
1+720 
81+7 
10827 
10890 
5925 
91*2 
1 9 . 0 
1 8 . 2 
1 6 . 8 
1i+. 3 
2 0 . 2 
2 0 . 8 
1 9 . 0 
1 7 . ^ 
1 9 . ^ 
1 9 . 5 
1.8.3 
1 7 . 2 
18.(5. 
1 8 . 8 
1 8 . 3 
1 6 . 8 
2 2 . 2 
2 2 . 7 
1 9 . 3 
1 8 . 7 
21*. 1 
21*. 3 
2 0 . 8 
1 9 . 3 
L. 
3 2 . 5 
32.0 
3 1 . 1 
3 0 . 0 
2800. 
2 8 . 2 
2 6 . 8 
21*. 0 
21*. 5 
2l*.6 
13.H-
2 3 . 8 
1 2 . 6 
1 3 . 2 
1 3 . ^ 
1 3 . 8 
1 0 . 8 
11.1* 
1 2 . 6 
. 1 3 . 6 
1 5 . 2 
15.9 
1 6 . 8 
1 7 . 1 
Each value is an average of three soli samples of 250 g. 
TABLE 11-D. Fluctuat ions in the population of T. brass icae 
a t d i f fe ren t depths under d i f fe ren t croTpinjjj 
sequences from March 1968 to August 1968, 
Month 
March 
1968 , 
Apr i l 
May-
June 
Ju ly 
August 
Crop 
Cabbage 
-
« 
Fallow 
it 
C a u l i -
f lower 
M 
Depth 
cm 
0-15 
16-30 
31-H5 
1+6-60 
0-15 
16-30 
31-^5 
lf6~60 
0-15 
16-30 
31-U5 
1+6-60 
0-15 
16-30 
31-^5 
1+6-60 
0-15 
16-30 
3 1 - ^ 
1+6-60 
0-15 
16-30 
31-^5 
1+6-60 
Females 
W5 
1+720 
32>f5 
270 
it-630 
52V0 
3M0 
Vt5 
32^5 
2635 
12U0 
325 
630 
585 
275 
135 
13^5 
1025 
5+70 
165 
2165 
1250 
570 
205 
.of nematode T o t a l 
: Hales Larvae popu-
3230 
381+0 
21+25 
235 
3355 
3960 
261+5 
3 ^ 
2660 
2125 
1.060 
320 
325 
255 
230 
125 
870 
530 
255 
125 
11V5 
1^> 
i+65 
175 
5125 
5515 
3805 
310 
1+725 
5^+58 
3565 
kho 
2525 
1870 
1125 
H>10 
570 
510 
215 
11+0 
1610 
1105 
525 
2*+0 
231+0 
1525 
915 
2U-0 
l a t i o r 
12930 
1^+075 
9 W 
815 
12710 •' 
11+685 
9660 
1195 
81+30 
6630 
3^25. 
1055 
1525 
1350 
720 
1+00 
3825 
2660 
1250 
530 
5650 
3520 
1950' 
620 
Mois-
ture 
1. % 
20.1+ 
20 .7 
18.1+ 
16.6 
2 1 . 5 
22 .6 
19 .0 
15.2 
16 .8 
17.1 
16.0 
1^.3 
15.6 
15.1 
13.2 
11.9 
18 .6 
19 .0 
17.6 
12.2 
25.1 
2U-.8 
2 1 . 0 
18 .5 
Temp, 
°C 
25 .9 
25 .6 
25.1+ 
21+.8 
28 .0 
27 .5 
26 .8 
26 .6 
33.5 
33 .0 
32.7 
32.0 
35.2 
31+A 
32.8 
32.2 
3k*7 
3^.3 
33.1 
31.5 
33.5 
32.7 
32.5 
30.6 
Bach value i s an average of three s o i l samples of 2?0 g. 



